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PROBLEM TO BE SOLVED: To 




provide a secondary battery having 




battery characteristics that do not 




decrease and being excellent in safety 




such that explosion and firing are 




prevented even in the event of 




breakdown due to an internal short 




circuit or overcharging. 






SOLUTION: This lithium secondary 
battery, including positive and 
negative electrodes which reversibly 
store and release lithium and an 
electrolyte containing lithium ions, 
contains an oxygen absorber. The 
oxygen absorber is preferably heat 
polymerizable and is preferably a 
polysiloxane compound or phenylene 
oxide compound which absorbs and 
polymerizes oxygen desorbed from the 
electrodes. The lithium ion secondary 
battery having enhanced safety for > 
battery breaking tests can thus be 
obtained. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The rechargeable battery characterized by containing an oxygen absorbent in the lithium 
secondary battery possessing the electrolytic solution containing the positive electrode, negative 
electrode, and lithium ion which carry out occlusion discharge of the lithium in reversible. 
[Claim 2] The lithium secondary battery according to claim 1 in which the aforementioned oxygen 
absorbent carries out thermal polymerization. 

[Claim 3] The lithium secondary battery according to claim 1 which makes a polymerization initiator 
the oxygen from which the aforementioned oxygen absorbent was desorbed from the electrode. 
[Claim 4] The lithium secondary battery according to claim 1 characterized by the aforementioned 
oxygen absorbent absorbing and macromolecule-izing oxygen. 

[Claim 5] It is the lithium secondary battery according to claim 1 characterized by for the 
aforementioned oxygen absorbent being the polysiloxane system compound which has the structure 
expression shown in drawing 1 , and being polymerization degree 3-9 preferably. However, in 
drawing 1 , Rl and R2 show hydrogen or the organic functional group of carbon numbers 1-50. 
[Claim 6] The lithium secondary battery according to claim 1 characterized by being the phenylene 
oxide system compound with which the aforementioned oxygen absorbent has the structure 
expression shown in drawing 2 . However, in drawing 2 , Rl and R2 show hydrogen or the organic 
functional group of carbon numbers 1 -50. 



[Translation done.] 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithium secondary battery 
excellent in suitable safety to use for the drive power supply of portable devices, such as a cellular 
phone and a notebook sized personal computer, and an electric vehicle, and the power supply for 
power storage. 
[0002] 

[Description of the Prior Art] In recent years, the rechargeable battery is one of the important 
indispensable components as power supplies, such as a personal computer and a cellular phone, or an 
electric vehicle and the power supply for power storage. 

[0003] A miniaturization and lightweight-ization are mentioned as requirements for which mobile 
communications (mobile computing), such as a carried type computer (what is called pen computer is 
included), and a Personal Digital Assistant (Personal Digital Assistant, Personal Intelligent 
Communicator, or handheld computer communicator), are needed. However, a difficult situation has 
miniaturization of a system, and lightweight-ization from points, like that the power consumed by the 
back light of a liquid crystal display panel or drawing control is high, and the present condition of the 
capacity of a rechargeable battery is still inadequate. 

[0004] Furthermore, the electric vehicle which makes neither exhaust gas nor noise with a rise of 
global environment problems attracts the interest. However, by the present cell, since an energy 
density and power density are low, troubles, like the stability of the body with the narrow spacfe in the 
car where acceleration nature with short mileage is bad is bad have arisen. Research and development 
are briskly furthered recently as the lead accumulator of the former [ lithium secondary battery / 
which can realize high-energy density also especially in a rechargeable battery ], or an alternative cell 
of a nickel cadmium NIUMU cell. 

[0005] However, there are many problems, concerning safeties, such as overcharge, heating, and a 
short circuit, with such a lithium secondary battery. Since the nonaqueous electrolyte which is mainly 
concerned with an inflammable organic solvent is used for the lithium secondary battery, if a positive 
active material carries out exoergic decomposition at the time of internal short circuit destruction 
called the **** plain-gauze collapse to a cell, or overcharge and nonaqueous electrolyte is lit, it will 
become an exoergic runaway reaction and a cell will result in rupture ignition. 
[0006] Therefore, various cures are proposed as a method of avoiding such [ conventionally ] danger, 
for example, the technology (JP,6-283206,A) make the microcapsule containing the chemical which 
causes the technology (JP,4-184870,A) make phosphoric ester with autolysis nature contain if it 
considers as the technology of making the electrolytic solution containing an additive and improving 
the safety of the electrolytic solution, the technology (JP,8-88023,A) make the halogen atom 
substitution phosphoric-ester compound which has autolysis nature in the electrolytic solution 
contain, a flame retarder, or an electrolytic-solution hardening reaction contain, or the technology 
(JP, 10-1 5453 1,A) make a radical scavenger contain is indicated Moreover, in the electrolytic solution 
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itself, the technology of making the flash point high and securing safety by using a fluorine 
substituted compound (JP,7-312227,A) and a chlorination compound (JP,8-45544,A) is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] However, if the electrolytic solution is made to contain 
the matter with the above-mentioned autolysis nature, and the high matter of the flash point, since the 
ionic conductivity of the electrolytic solution will fall, the high-rate-discharge property and low- 
temperature property of a cell will fall. Moreover, even if it uses the technology of making the 
microcapsule containing the chemical which causes a flame retarder or an electrolytic-solution 
hardening reaction containing, combustion of the electrolytic solution is accelerated by the oxygen 
emitted from an electrode at the time of internal short circuit destruction or overcharge, and since it 
results in rupture ignition, it is hard to call it property sufficient in the field of safety. Moreover, even 
if it uses the technology of making a radical scavenger containing, a radical scavenger is consumed by 
the oxygen incorporated in a cell at the time of cell manufacture, and also in order for the radical 
scavenger itself to react with an electrode, there is a trouble that a cell property falls. 
[0008] The technical problem which this invention tends to solve is to offer the rechargeable battery 
excellent in safety with which a cell property is not reduced and rupture ignition does not take place 
at the time of internal short circuit destruction and overcharge. 
[0009] 

[Means for Solving the Problem] The cell of this invention is characterized by containing the oxygen 
absorbent which absorbs the oxygen generated at the time of internal short circuit destruction and 
overcharge and by which a polymerization or crosslinking reaction is accelerated in connection with 
the generated Joule's heat. This invention persons found out that it could prevent that solidify the 
desorption oxygen and the electrolytic solution from an electrode, raise the internal resistance of a 
cell, and ignition and rupture occur, when it went up to abnormal temperature by making the oxygen 
absorbent which causes hardening reactions, such as polymerization reaction or crosslinking reaction, 
contain, absorbing oxygen when temperature rises in a cell. 

[0010] If it is the compound which absorbs oxygen as an oxygen absorbent in this invention, and 
performs a polymerization or bridge formation, it will be used, without being limited especially, for 
example, polysiloxanes (preferably polymerization degree 3-9) and phenylene oxides will be used. 
[001 1] The example is shown in drawing 1 and drawing 2 . In drawing 1 , Rl and R2 show hydrogen 
or the organic functional group of carbon numbers 1-50. 

[0012] The functional group of the point of the solubility to the electrolytic solution to polarity with 
Rl and R2 is preferably used also in the above-mentioned polysiloxanes. [ high ] Moreover, in case it 
adds to a positive electrode or a negative electrode, it is desirable to choose Rl so that it may carry 
out, or it may be easy to distribute and it may become that it is easy to melt according to the binder 
and solvent at the time of electrode production. 

[0013] In drawing 2 , Rl and R2 show hydrogen or the organic functional group of carbon numbers 
1-50. 

[0014] The functional group of the point of the solubility to the electrolytic solution to polarity with 
Rl and R2 is preferably used also in the above-mentioned phenylene oxides. [ high ] Moreover, in 
case it adds to a positive electrode or a negative electrode, it is desirable to choose Rl so that it may 
carry out, or it may be easy to distribute and it may become that it is easy to melt according to the 
binder and solvent at the time of electrode production. 

[001 5] Although it changes as an addition of the oxygen absorbent of this invention also with parts 
inside the cell to add, it is 0.1 at a weight ratio to an electrode, the electrolytic solution, or separator. 
20% of shells is suitable. 

[0016] A positive active material usable to the lithium secondary battery of this invention Stratified 
compounds, such as a cobalt acid lithium (LiCo02) and a nickel acid lithium (LiNi02), or the thing 
which replaced the transition metals more than a kind or a manganic acid lithium (Lil+xMn2-x04 
(however, x=0-0.33) --) LiMn03, LiMn203, LiMn02, a copper-lithium oxide (Li2Cu02), LiV 308, 
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LiFe 304, V205, and Cu2V207 etc. - a banazin-san ghost - [ or ] Or chemical formula LiNil- 
xMx02 (however, they are M=Co, and Mn, aluminum, Cu, Fe, Mg, B and Ga) nickel site substitution 
type nickel acid lithium expressed with x=0.01-0.3, Or chemical formula LiMn2-xMx02 (however, 
they are M=Co, and nickel, Fe, Cr, Zn and Ta) x=0.01-0.1 or chemical formula Li2Mn3M08 LiMn 
204 which replaced a part of manganese compound acid lithium expressed with however, M=Fe, and 
(Co, nickel, Cu, Zn) or chemical formula Li with alkaline-earth-metal ion, a disulfide compound, Fe2 
(Mo04) 3, etc. are mentioned. 

[0017] On the other hand, a lithium and the metal which can be alloyed, for example, aluminum, Sn, 
Si, In(s), Ga(s), and Mg, these alloys, etc. are in a negative-electrode active material. These metals or 
alloys can also use a lithium and the alloyed material. Furthermore, carbonaceous material, such as a 
natural graphite, an artificial graphite, a carbon fiber, a vapor-growth carbon fiber, pitch system 
carbonaceous material, a needle coke, a polyaciylonitrile system carbon fiber, and carbon black, Or 
the amorphous-carbon material which compounded the cyclic hydrocarbon of 5 member rings or 6 
member rings, or the ring type oxygenated organic compound by the pyrolysis, Or the poly acene, 
poly para-phenylene, the poly aniline, the conductive polymer that consists of a polyacethylene, Or 
the oxide of 14 groups containing SnO, Ge02, SnSi03, SnSi 0.5O1.5, 

SnSi0.7aluminum0.1B0.3P0.2O3.5, SnSi0.5aluminum0.3B0.3P0.5O4. 15, etc., or 15 group element 
or an indium oxide, Or silicides, such as a zincic-acid ghost, Li3FeN2 or Fe2Si3, FeSi, FeSi2, and 
Mg2Si, etc. can be used for a negative-electrode active material. Moreover, this invention can be 
applied besides the above-mentioned cell active material, and may use a lithium metal sheet for a 
negative electrode. 

[0018] The electrolytes written with LiPF6, LiBF4, LiC104, LiCF3S03, LiCF3C02, LiAsF6 and 
LiSbF6, and a low-grade aliphatic carboxylic-acid lithium or those mixture can be used for the usable 
electrolyte of a lithium secondary battery. [ the chemical formula ] 

[001 9] The solution made to dissolve the lithium salt of the above [ the nonaqueous electrolyte of a 
lithium secondary battery ] in the solvent for nonaqueous electrolyte is used. As an example of the 
solvent for nonaqueous electrolyte, propylene carbonate, ethylene carbonate, butylene carbonate* 
vinylene carbonate, gamma-butyrolactone, dimethyl carbonate, diethyl carbonate, methylethyl 
carbonate, 1, 2-dimethoxyethane, 2-methyl tetrahydrofuran, a dimethyl sulfoxide, 1, 3-dioxolane, a 
formamide, a dimethylformamide, a methyl propionate, an ethyl propionate, trialkyl phosphate, 
trimethoxy methane, a dioxolane, diethylether, a sulfolane, 3-methyl-2-oxazolidinone, a 
tetrahydrofuran, 1, the organic solvent which consists of one or more kinds of solvents among 2- 
diethoxy ethane, the derivative which replaced a part of hydrogen in an organic-solvent molecule to 
the halogen, or the derivative which replaced a part of hydrogen in an organic-solvent molecule to the 
alkyl group, the alkene machine, the alkyne machine, and the aromatic machine is mentioned. 
Moreover, such mixture can also be used. 

[0020] When using a solid electrolyte, it is used making the lithium salt described in the top hold to 
the macromolecule of ethylene oxide, acrylonitrile, a fluoride vinylidene, a methyl methacrylate, and 
hexafluoropropylene. 

[0021] When using the gel electrolytic solution, it is used in ethylene oxide, acrylonitrile, a fluoride 
vinylidene, a methyl methacrylate, and the macromolecule of hexafluoropropylene, making the 
nonaqueous electrolyte listed in the top hold. 

[0022] Although especially the use of the high rechargeable battery of the safety of this invention is 
not limited For example, a personal computer, a large-sized computer, a notebook sized personal 
computer, a pen input personal computer, a note type word processor, a cellular phone, a pocket card, 
a wrist watch, a camera, an electric shaver, a cordless telephone, facsimile, video, a video camera, an 
electronic notebook, a calculator, an electronic notebook with communication facility, The walk 
auxiliary machine for game machine machine [ which has functions, such as a pocket copy machine a 
liquid crystal television a power tool, a cleaner, and a virtual reality, ], toy, electromotive bicycle, and 
medical care, the wheelchair for medical care, the portable type bed for medical care, an escalator, an 
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elevator, a fork lift truck, a golf khat, It can be used as power supplies, such as an emergency power 
source, a load conditioner, and a power storage system. Moreover, it can use also as the object for 
munitions besides a noncommercial use, and an object for space. 

[0023] By using the nonaqueous electrolyte of this invention, the lithium secondary battery which 

improved to the internal short circuit and surcharge of a cell is obtained. 

[0024] 

[Embodiments of the Invention] Below, the content of this invention is explained in detail based on 
an example. However, it writes in addition that this invention can be suitably changed in the range 
which is not limited at all by the following example and does not change the main point of this 
invention. 

[0025] as example 1 positive active material — as LiCo02 and an electric conduction assistant — as a 
graphite powder and a binder - a polyvinylidene fluoride (PVDF) - using — respectively - a weight 
ratio - 88%, 7%, and 5% ~ comparatively -- coming out - blending as a solvent -- a N-methyl-2- 
pyrrolidone (NMP) - adding — enough - mixing — a positive electrode the mixture was prepared 
this positive electrode — the mixture was applied to one side of aluminum foil whose thickness is 20 
micrometers, was fabricated by the roll press after drying NMP, and the positive-electrode sheet was 
produced positive-electrode production - the same - as a negative-electrode active material - as an 
electric conduction assistant — as a graphite powder and a binder ™ a polyvinylidene fluoride (PVDF) 
- using— respectively » a weight ratio - 80%, 15%, and 5% - comparatively - coming out -.- 
blending — as a solvent - a N-methyl-2-pyrrolidone (NMP) adding — enough — mixing - a 
negative electrode - the mixture was prepared this negative electrode ~ the mixture was applied to 
one side of Cu foil whose thickness is 20 micrometers, was fabricated by the roll press after drying 
NMP, and the negative-electrode sheet was produced 

[0026] As for separator, thickness used the micropore film made from polyethylene 25 micrometers 
and whose diameter are 18mm. 

[0027] the electrolytic solution — a volume ratio - the mixed solvent of the ethylene carbonate and 
diethyl carbonate of 1:1 - the electrolyte of 1 mol/lLiPF6 r- dissolving - adjusting - this - as an 
oxygen absorbent - the poly dimethylsiloxane of polymerization degree 3 -- a weight ratio -- it 
prepared by 5% of thing which it comes out comparatively and is blended - 
[0028] The laminating was carried out in the order of a positive electrode, separator, and a negative 
electrode, it involved in in the shape of a cylinder, and the terminal was attached. After containing 
with a cell can, the electrolytic solution was infiltrated, the cell lid was closed and 1 8650 cylindrical 
cells with a diameter [ of 1 8mm ] and a height of 65mm were produced. 

[0029] This lithium secondary battery is used and it is 1 ,5V about 4.2V and a discharge final voltage 
in 3mA of charge and discharge currents, and charge final voltage. It set up and charge and discharge 
were performed 5 times. The cell repeated the charge and discharge which carry out constant- 
potential charge after charge by the constant current to 4.2V by 1400mA 4.2V for 3 hours, and 
discharge to 2.7V by 1400mAh 5 times. 

[0030] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[003 1] The rechargeable battery was created and evaluated like the example 1 except not adding an 
oxygen absorbent in example of comparison 1 nonaqueous electrolyte. It ****(ed) and rupture 
ignition was carried out in the examination and the overcharge examination. 
Except having not added the poly dimethylsiloxane of example 2 polymerization degree 3 to the 
electrolytic solution, but having added at a rate of 5% of heavy quantitative ratios to the positive 
electrode, the cell was produced and ****(ed) like the example 1 and the examination and the 
overcharge examination were performed. 

[0032] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
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charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[0033] Except having not added the poly dimethylsiloxane of example 3 polymerization degree 3 to 
the electrolytic solution, but having added at a rate of 5% of heavy quantitative ratios to the negative 
electrode, the cell was produced and ****(ed) like the example 1 and the examination and the 
overcharge examination were performed. 

[0034] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[0035] Instead of example 4 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the positive electrode, the cell was produced and ****(ed) 
like the example 1 and the examination and the overcharge examination were performed. 
, [0036] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current Both have not checked rupture ignition. 
[0037] Instead of example 5 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the electrolytic solution, the cell was produced and * * * * 
(ed) like the example 1 and the examination and the overcharge examination were performed. 
[0038] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 28p0mA constant current. Both have not checked rupture ignition. 
[0039] Instead of example 6 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the negative electrode, the cell was produced and ****(ed) 
like the example 1 and the examination and the overcharge examination were performed. 
[0040] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[0041] 

[Effect of the Invention] The rechargeable lithium-ion battery which improved by this invention is 
obtained. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the lithium secondary battery 
excellent in suitable safety to use for the drive power supply of portable devices, such as a cellular 
phone and a notebook sized personal computer, and an electric vehicle, and the power supply for 
power storage. 
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PRIOR ART 

[Description of the Prior Art] In recent years, the rechargeable battery is one of the important 
indispensable components as power supplies, such as a personal computer and a cellular phone, or an 
electric vehicle and the power supply for power storage. 

[0003] A miniaturization and lightweight-ization are mentioned as requirements for which mobile 
communications (mobile computing), such as a carried type computer (what is called pen computer is 
included), and a Personal Digital Assistant (Personal Digital Assistant, Personal Intelligent 
Communicator, or handheld computer communicator), are needed. However, a difficult situation has 
miniaturization of a system, and lightweight-ization from points, like that the power consumed by the 
back light of a liquid crystal display panel or drawing control is high, and the present condition of the 
capacity of a rechargeable battery is still inadequate. 

[0004] Furthermore, the electric vehicle which makes neither exhaust gas nor noise with a rise of 
global environment problems attracts the interest. However, by the present cell, since an energy 
density and power density are low, troubles, like the stability of the body with the narrow space in the 
car where acceleration nature with short mileage is bad is bad have arisen. Research and development 
are briskly furthered recently as the lead accumulator of the former [ lithium secondary battery / 
which can realize high-energy density also especially in a rechargeable battery ], or an alternative cell 
of a nickel cadmium NIUMU cell. 

[0005] However, there are many problems, concerning safeties, such as overcharge, heating, and a 
short circuit, with such a lithium secondary battery. Since the nonaqueous electrolyte which is mainly 
concerned with an inflammable organic solvent is used for the lithium secondary battery, if a positive 
active material carries out exoergic decomposition at the time of internal short circuit destruction 
called the **** plain-gauze collapse to a cell, or overcharge and nonaqueous electrolyte is lit, it will 
become an exoergic runaway reaction and a cell will result in burst ignition. 

[0006] Therefore, various cures are proposed as a method of avoiding such [ conventionally ] danger. 
For example, it is technology of making the electrolytic solution containing an additive and 
improving the safety of the electrolytic solution. The technology (JP,6-283206,A) make the 
microcapsule containing the chemical which causes the technology (JP,4- 184870, A) make 
phosphoric ester with autolysis nature contain, the technology (JP,8-88023,A) make the halogen atom 
substitution phosphoric-ester compound which has autolysis nature in the electrolytic solution 
contain, a flame retarder, or an electrolytic-solution hardening reaction contain, or the technology 
(JP,10-154531,A) make a radical scavenger contain are indicated. Moreover, in the electrolytic 
solution itself, the technology of making the flash point high and securing safety by using a fluorine 
substituted compound (JP,7-312227,A) and a chlorination compound (JP,8-45544,A) is proposed. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The rechargeable lithium-ion battery which improved by this invention is 
obtained. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, if the electrolytic solution is made to contain 
the matter with the above-mentioned autolysis nature, and the high matter of the flash point, since the 
ionic conductivity of the electrolytic solution will fall, the high-rate-discharge property and low- 
temperature property of a cell will fall. Moreover, even if it uses the technology of making the 
microcapsule containing the chemical which causes a flame retarder or an electrolytic-solution 
hardening reaction containing, combustion of the electrolytic solution is accelerated by the oxygen 
emitted from an electrode at the time of internal short circuit destruction or overcharge, and since it 
results in burst ignition, it is hard to call it property sufficient in the field of safety. Moreover, even if 
it uses the technology of making a radical scavenger containing, a radical scavenger is consumed by 
the oxygen incorporated in a cell at the time of cell manufacture, and also in order for the radical 
scavenger itself to react with an electrode, there is a trouble that a cell property falls. 
[0008] The technical problem which this invention tends to solve is to offer the rechargeable battery 
excellent in safety with which a cell property is not reduced and burst ignition does not take place at 
the time of internal short circuit destruction and overcharge. 
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MEANS 

[Means for Solving the Problem] The cell of this invention is characterized by containing the oxygen 
absorbent which absorbs the oxygen generated at the time of internal short circuit destruction and 
overcharge and by which a polymerization or crosslinking reaction is accelerated in connection with 
the generated Joule's heat. This invention persons found out that it could prevent that solidify the 
desorption oxygen and the electrolytic solution from an electrode, raise the internal resistance of a 
cell, and ignition and rupture occur, when it went up to abnormal temperature by making the oxygen 
absorbent which causes hardening reactions, such as polymerization reaction or crosslinking reaction, 
contain, absorbing oxygen when temperature rises in a cell. 

[0010] If it is the compound which absorbs oxygen as an oxygen absorbent in this invention, and 
performs a polymerization or bridge formation, it will be used, without being limited especially, for 
example, polysiloxanes (preferably polymerization degree 3-9) and phenylene oxides will be used. 
[001 1] The example is shown in drawing 1 and drawing 2 . In drawing 1 , Rl and R2 show hydrogen 
or the organic functional group of carbon numbers 1-50. 

[0012] The functional group of the point of the solubility to the electrolytic solution to polarity with 
Rl and R2 is preferably used also in the above-mentioned polysiloxanes. [ high ] Moreover, in case it 
adds to a positive electrode or a negative electrode, it is desirable to choose Rl so that it may carry 
out, or it may be easy to distribute and it may become that it is easy to melt according to the binder 
and solvent at the time of electrode production. 

[0013] In drawing 2 , Rl and R2 show hydrogen or the organic functional group of carbon numbers 
1-50. 

[0014] The functional group of the point of the solubility to the electrolytic solution to polarity with 
Rl and R2 is preferably used also in the above-mentioned phenylene oxides. [ high ] Moreover, in 
case it adds to a positive electrode or a negative electrode, it is desirable to choose Rl so that it may 
carry out, or it may be easy to distribute and it may become that it is easy to melt according to the 
binder and solvent at the time of electrode production. 

[0015] Although it changes as an addition of the oxygen absorbent of this invention also with parts 
inside the cell to add, it is 0.1 at a weight ratio to an electrode, the electrolytic solution, or separator. 
20% of shells is suitable. 

[0016] A positive active material usable to the lithium secondary battery of this invention Stratified 
compounds, such as a cobalt acid lithium (LiCo02) and a nickel acid lithium (LiNi02), or the thing 
which replaced the transition metals more than a kind or a manganic acid lithium (Lil+xMn2-x04 
(however, x=0-0.33) -) LiMn03, LiMn203, LiMn02, a copper-lithium oxide (Li2Cu02), LiV 308, 
LiFe 304, V205, and Cu2V207 etc. - a banazin-san ghost - [ or ] Or chemical formula LiNil- 
xMx02 (however, they are M=Co, and Mn, aluminum, Cu, Fe, Mg, B and Ga) nickel site substitution 
type nickel acid lithium expressed with x=0.0 1-0.3, Or chemical formula LiMn2-xMx02 (however, 
they are M=Co, and nickel, Fe, Cr, Zn and Ta) x=0.0 1-0.1 or chemical formula Li2Mn3M08 LiMn 
204 which replaced a part of manganese compound acid lithium expressed with however, M=Fe, and 
(Co, nickel, Cu, Zn) or chemical formula Li with alkaline-earth-metal ion, a disulfide compound, Fe2 
(Mo04) 3, etc. are mentioned. 

[0017] On the other hand, a lithium and the metal which can be alloyed, for example, aluminum, Sn, 
Si, In(s), Ga(s), and Mg, these alloys, etc. are in a negative-electrode active material. These metals or 
alloys can also use a lithium and the alloyed material. Furthermore, carbonaceous material, such as a 
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natural graphite, an artificial graphite, a carbon fiber, a vapor-growth carbon fiber, pitch system 
carbonaceous material, a needle coke, a polyacrylonitrile system carbon fiber, and carbon black, Or 
the amorphous-carbon material which compounded the cyclic hydrocarbon of 5 member rings or 6 
member rings, or the ring type oxygenated organic compound by the pyrolysis, Or the poly acene, 
poly para-phenylene, the poly aniline, the conductive polymer that consists of a polyacethylene, Or 
the oxide of 14 groups containing SnO, Ge02, SnSi03, SnSi 0.5O1.5, 

SnSi0.7aluminum0.1B0.3P0.2O3.5, SnSi0.5aluminum03B0.3P0.5O4. 15, etc., or 15 group element 
or an indium oxide, Or silicides, such as a zincic-acid ghost, Li3FeN2 or Fe2Si3, FeSi, FeSi2, and 
Mg2Si, etc. can be used for a negative-electrode active material. Moreover, this invention can be 
applied besides the above-mentioned cell active material, and may use a lithium metal sheet for a 
negative electrode. 

[0018] The electrolytes written with LiPF6, LiBF4, LiC104, LiCF3S03, LiCF3C02, LiAsF6 and 
LiSbF6, and a low-grade aliphatic carboxylic-acid lithium or those mixture can be used for the usable 
electrolyte of a lithium secondary battery. [ the chemical formula ] 

[0019] The solution made to dissolve the lithium salt of the above [ the nonaqueous electrolyte of a 
lithium secondary battery ] in the solvent for nonaqueous electrolyte is used. As an example of the 
solvent for nonaqueous electrolyte, propylene carbonate, ethylene carbonate, butylene carbonate, 
vinylene carbonate, gamma-butyrolactone, dimethyl carbonate, diethyl carbonate, methylethyl 
carbonate, 1, 2-dimethoxyethane, 2-methyl tetrahydrofuran, a dimethyl sulfoxide, 1, 3-dioxolane, a 
formamide, a dimethylformamide, a methyl propionate, an ethyl propionate, trialkyl phosphate, 
trimethoxy methane, a dioxolane, diethylether, a sulfolane, 3-methyl-2-oxazolidinone, a 
tetrahydrofuran, 1, the organic solvent which consists of one or more kinds of solvents among 2- 
diethoxy ethane, the derivative which replaced a part of hydrogen in an organic-solvent molecule to 
the halogen, or the derivative which replaced a part of hydrogen in an organic-solvent molecule to the 
alkyl group, the alkene machine, the alkyne machine, and the aromatic machine is mentioned. 
Moreover, such mixture can also be used. 

[0020] When using a solid electrolyte, it is used making the lithium salt described in the top hold to 
the macromolecule of ethylene oxide, acrylonitrile, a fluoride vinylidene, a methyl methacrylate, and 
hexafluoropropylene. 

[0021] When using the gel electrolytic solution, it is used in ethylene oxide, acrylonitrile, a fluoride 
vinylidene, a methyl methacrylate, and the macromolecule of hexafluoropropylene, making the 
nonaqueous electrolyte listed in the top hold. 

[0022] Although especially the use of the high rechargeable battery of the safety of this invention is 
not limited For example, a personal computer, a large-sized computer, a notebook sized personal 
computer, a pen input personal computer, a note type word processor, a cellular phone, a pocket card, 
a wrist watch, a camera, an electric shaver, a cordless telephone, facsimile, video, a video camera, an 
electronic notebook, a calculator, an electronic notebook with communication facility, The walk 
auxiliary machine for game machine machine [ which has functions, such as a pocket copy machine a 
liquid crystal television a power tool, a cleaner, and a virtual reality, ], toy, electromotive bicycle, and 
medical care, the wheelchair for medical care, the portable type bed for medical care, an escalator, an 
elevator, a fork lift truck, a golf cart, It can be used as power supplies, such as an emergency power 
source, a load conditioner, and a power storage system. Moreover, it can use also as the object for 
munitions besides a noncommercial use, and an object for space. 

[0023] By using the nonaqueous electrolyte of this invention, the lithium secondary battery which 

improved to the internal short circuit and surcharge of a cell is obtained. 

[0024] 

[Embodiments of the Invention] Below, the contents of this invention are explained in detail based on 
an example. However, it writes in addition that this invention can be suitably changed in the range 
which is not limited at all by the following example and does not change the main point of this 
invention. 

[0025] as example 1 positive active material - as LiCo02 and an electric conduction assistant - as a 
graphite powder and a binder - a polyvinylidene fluoride (PVDF) - using - respectively - a weight 
ratio - 88%, 7%, and 5% - comparatively - coming out - blending - as a solvent - a N-methyl-2- 
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pyrrolidone (NMP) — adding — enough — mixing -- a positive electrode — the mixture was prepared 
this positive electrode — the mixture was applied to one side of aluminum foil whose thickness is 20 
micrometers, was fabricated by the roll press after drying NMP, and the positive-electrode sheet was 
produced positive-electrode production — the same -- as a negative-electrode active material — as an 
electric conduction assistant — as a graphite powder and a binder — a polyvinylidene fluoride (PVDF) 
-- using - respectively ~ a weight ratio - 80%, 15%, and 5% ~ comparatively — coming out 
blending - as a solvent - a N-methyl-2-pyrrolidone (NMP) - adding — enough - mixing — a 
negative electrode the mixture was prepared this negative electrode -- the mixture was applied to 
one side of Cu foil whose thickness is 20 micrometers, was fabricated by the roll press after drying 
NMP, and the negative-electrode sheet was produced 

[0026] As for separator, thickness used the micropore film made from polyethylene 25 micrometers 
and whose diameter are 18mm. 

[0027] the electrolytic solution — a volume ratio — the mixed solvent of the ethylene carbonate and 
diethyl carbonate of 1:1 — the electrolyte of 1 mol/lliPF6 - dissolving - adjusting — this — as an 
oxygen absorbent - the poly dimethylsiloxane of polymerization degree 3 — a weight ratio — it 
prepared by 5% of thing which it comes out comparatively and is blended 

[0028] The laminating was carried out in the order of a positive electrode, separator, and a negative 
electrode, it involved in in the shape of a cylinder, and the terminal was attached. After containing 
with a cell can, the electrolytic solution was infiltrated, the cell lid was closed and 18650 cylindrical 
cells with a diameter [ of 18mm ] and a height of 65mm were produced. 

[0029] This lithium secondary battery is used and it is 1.5V about 4.2V and a discharge final voltage 
in 3mA of charge and discharge currents, and charge final voltage. It set up and charge and discharge 
were performed 5 times. The cell repeated the charge and discharge which carry out constant- 
potential charge after charge by the constant current to 4.2V by 1400mA 4.2V for 3 hours, and 
discharge to 2.7V by 1400mAh 5 times. 

[0030] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked burst ignition. 
[0031] The rechargeable battery was created and evaluated like the example 1 except not adding an 
oxygen absorbent in example of comparison 1 nonaqueous electrolyte. It ****(ed) and burst ignition 
was carried out in the examination and the overcharge examination. 

Except having not added the poly dimethylsiloxane of example 2 polymerization degree 3 to the 
electrolytic solution, but having added at a rate of 5% of heavy quantitative ratios to the positive 
electrode, the cell was produced and ****(ed) like the example 1 and the examination and the 
overcharge examination were performed. 

[0032] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked burst ignition. 
[0033] Except having not added the poly dimethylsiloxane of example 3 polymerization degree 3 to 
the electrolytic solution, but having added at a rate of 5% of heavy quantitative ratios to the negative 
electrode, the cell was produced and ****(ed) like the example 1 and the examination and the 
overcharge examination were performed. 

[0034] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[0035] Instead of example 4 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the positive electrode, the cell was produced and ****(ed) 
like the example 1 and the examination and the overcharge examination were performed. 
[0036] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
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Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked rupture ignition. 
[0037] Instead of example 5 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the electrolytic solution, the cell was produced and **** 
(ed) like the example 1 and the examination and the overcharge examination were performed. 
[0038] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked burst ignition. 
[0039] Instead of example 6 poly dimethylsiloxane, except having added the polyphenylene oxide at 
a rate of 5% of heavy quantitative ratios to the negative electrode, the cell was produced and ****(ed) 
like the example 1 and the examination and the overcharge examination were performed. 
[0040] It is the cell of charge capacity 1400mAh which it ****(ed) and carried out constant-potential 
charge after charge by the constant current to 4.2V by 1400mA by examination 4.2V for 3 hours 
Speed 5 mm/sec The cell was made to penetrate a nail. Moreover, by overcharge examination, it 
continued charging by the 2800mA constant current. Both have not checked burst ignition. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the structure expression of the polysiloxane which is an example 
of the oxygen absorbent contained in this invention cell. 

[Drawing 21 It is drawing showing the structure expression of the phenylene oxide which are other 
examples of the oxygen absorbent contained in this invention cell. 
[Description of Notations] 

Rl, R2 Hydrogen or organic functional group of carbon numbers 1-50. 
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DRAWINGS 

[Drawing 1] 
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